There are few data on the long-term effects of new Q waves on survival and morbidity after coronary bypass graft surgery (CABG). We followed 1340 patients who underwent CABG in 1978 at 10 hospitals participating in the Coronary Artery Surgery Study (CASS). The incidence of perioperative Qwave infarction was 4.6% (range 0.0-10.3% by hospital). The rate of infarction was higher in patients who had an increased left ventricular end-diastolic pressure or cardiomegaly on the preoperative chest radiograph. Patients who received more grafts or who had longer cardiopulmonary bypass time were also at higher risk of infarction. In a stepwise discriminant analysis of 44 clinical, angiographic and surgical variables, cardiopulmonary bypass time, topical cardiac hypothermia and cardiomegaly entered the stepwise selection of variables.
SUMMARY There are few data on the long-term effects of new Q waves on survival and morbidity after coronary bypass graft surgery (CABG). We followed 1340 patients who underwent CABG in 1978 at 10 hospitals participating in the Coronary Artery Surgery Study (CASS). The incidence of perioperative Qwave infarction was 4.6% (range 0.0-10.3% by hospital). The rate of infarction was higher in patients who had an increased left ventricular end-diastolic pressure or cardiomegaly on the preoperative chest radiograph. Patients who received more grafts or who had longer cardiopulmonary bypass time were also at higher risk of infarction. In a stepwise discriminant analysis of 44 clinical, angiographic and surgical variables, cardiopulmonary bypass time, topical cardiac hypothermia and cardiomegaly entered the stepwise selection of variables.
Long-term survival was adversely affected by the appearance of new postoperative Q waves. The hospital mortality was 9.7% in the 62 patients who had new postoperative Q waves and 1.0% in the 1278 patients who did not (p < 0.001); the 3-year cumulative survival rates were 85% and 95%, respectively (p < 0.001).
In patients who survived to hospital discharge, the presence of new postoperative Q waves did not adversely affect 3-year survival (94% and 96%, respectively). The survival rates were worse in patients who had a history of infarction or who had impaired left ventricular function preoperatively. The number of readmissions to hospital after CABG among the patients who had a transmural perioperative infarction was similar to that among patients who did not. We conclude that the appearance of new Q waves after CABG adversely affects survival. The major impact on mortality occurs before hospital discharge. Patients who are destined to have a perioperative infarct cannot be predicted from commonly measured preoperative and angiographic variables.
LEFT VENTRICULAR function is a major determinant of long-term survival in patients who undergo coronary artery bypass graft surgery (CABG).1-' Numerous studies have documented new wall motion abnormalities after CABG in patients who have sustained a perioperative infarction. Although worsened left ventricular performance theoretically should affect survival adversely, few studies have compared cumulative survival of patients who had a perioperative infarction with that of patients who have not.'0 '5 Perioperative myocardial infarction can be difficult to define. The postoperative development of new Q waves on the ECG, elevation of serum cardiac enzymes, or the finding of myocardial uptake of technetium-99 pyrophosphate have been proposed as diagnostic criteria for perioperative infarction.9' 15-18 However, the clinical significance of a single abnormal test result is still debated, particularly when the results of several tests are discordant.
The reported ECG incidence of perioperative infarction ranges from 5.0% to 23.8%.'9-39 Several studies have shown a decreased incidence in recent years,'5-25 and a recent National Institutes of Health consensus meeting postulated 5% as the "current" rate of perioperative infarction for patients with chronic stable angina pectoris and 10% for those with unstable angina before CABG.40 Preoperative identification of the patients at higher risk for a perioperative infarction during CABG is difficult. Left ventricular end-diastolic pressure, unstable angina pectoris, left main coronary artery disease, ejection fraction, cardiopulmonary bypass time, and number of grafts inserted have been reported to be associated with an increased incidence of perioperative infarction.10 21, 23. 24, 35. 36However the results from different studies are conflicting, in large measure because different criteria are used to identify perioperative infarction. The aim of the present study was to determine the ECG incidence of perioperative transmural infarction in 1340 patients who underwent an isolated CABG in the Coronary Artery Surgery Study (CASS) in 1978. Clinical, angiographic and surgical variables were assessed to determine if a perioperative transmural infarction could be predicted from the preoperative set of variables. The 3-year cumulative survival among patients who manifested new postoperative Q waves was compared with that among patients who did not to determine the effect of immediate and long-term prognosis. 302 Q WAVES AFTER CABG/Chaitman et al.
Methods

Patient Population
Between January 1 and December 30, 1978, 1340 consecutive patients whose pre-and postoperative ECGs were coded underwent CABG at 10 hospitals participating in CASS.41 The average age of the 1123 men and 217 women was 55 ± 9 years (±+ SD). Eight hundred six patients (60%) had class III or IV angina according to criteria of the Canadian Cardiovascular Society;42 537 were considered to have unstable angina. Myocardial infarction had occurred in 618 patients and 100 had a history of congestive heart failure. The clinical and angiographic variables used in the CASS study have been described.4' Left ventricular cineangiography was carried out in the 30°right anterior oblique view. The ventriculogram was divided into five segments. The systolic motion of each segment was recorded and scored numerically as follows: normal = 1, moderate hypokinesia = 2, severe hypokinesia = 3, akinesia = 4, and dyskinesia = 5. Aneurysmal segments were assigned a score of 6. The number of patients with one-, two-and three-vessel disease >70% was 259, 422 and 640, respectively; 19 patients had stenoses B50% but <70%. Of the 1340 patients, 133 had left main coronary stenosis B70%. The average left ventricular end-diastolic pressure was 13 ± 7 mm Hg and ejection fraction was 0.60 + 0.14.
CABG was performed using the standard techniques of anesthesia, myocardial preservation and graft anastomoses at each hospital. Data concerning the technique of myocardial preservation for individual patients was available from seven of the 10 hospitals.43 Distal anastomoses were accomplished during intermittent or a single period of aortic cross-clamping in operations where hypothermia or potassium cardioplegia was used. In a few patients, normothermia was used and the distal anastomoses were performed under local occlusion of the coronary artery in a fibrillating heart. Patients who had associated cardiac procedures such as valve replacement, ventricular aneurysm resection or ventricular plication were excluded. The average duration of cardiopulmonary bypass time was 112 ± 47 minutes and the mean number of grafts inserted was 2.4 + 0.8. Systemic hypothermia to a mean temperature of 25 ± 3°C was used in 1297 patients and topical cooling was used in 1 145 patients. Operative mortality, defined as death before discharge from the hospital, was 1.4% (19 of 1340). Fourteen additional patients who died before a postoperative ECG could be recorded were excluded from analysis.
Definition of Perioperative Myocardial Infarction
The pre-and postoperative 12-lead ECGs were obtained at each hospital and mailed to the CASS central ECG laboratory for coding. The preoperative ECG was obtained within 7 days before surgery. The postoperative ECG was obtained before hospital discharge and nearest to the fourteenth day after CABG.
The pre-and postoperative ECGs were coded individually by experienced research technicians using the separate Q-wave count of 0.03-second Q waves in the frontal and precordial leads.
A computer algorithm compared the Minnesota codes of the sequential ECGs to determine if a new transmural myocardial infarction had occurred. If the computer algorithm indicated a high probability of interim infarction (appendix 1), the pre-and postoperative ECGs of that patient were read by a panel of four cardiologists. The panel compared the pre-and postoperative ECGs and classified the new postoperative Q waves into four likelihood categories of infarction based on the Minnesota code.45 Only patients who were considered to have had a definite or probable infarct (e.g., Minnesota code 1-1-1 to 1-2-7) were classified as having a perioperative transmural myocardial infarction.
Data Analysis
A stepwise discriminant analysis of 44 variables was conducted to determine the extent to which variables were associated with perioperative transmural infarction. The usual F value for the stepwise discriminant function was used to assess statistical significance.A6 Univariate analyses were performed; the mean + SD are expressed for continuous variables, and patients with or without a perioperative infarction were compared by t test. Discrete variables were analyzed by the chi-square test and the chi-square test for trend."
Cumulative survival for patients with and without perioperative infarction was compared by log-rank statistic (Mantel-Haenszel test) and displayed in the standard life-table format.47 The observation period was calculated from the day of operation. In all analyses reported in the Results section, death from all causes was the nonsurvival end point.
Results
The incidence of new postoperative Q waves was 4.6% in the 1340 patients who had a CABG (range 0.010.3% by hospital); seven hospitals had an infarct rate of 6% or less. The infarct rate was greater in patients who had cardiomegaly on the routine preoperative chest radiograph, balanced coronary circulation, increased left ventricular end-diastolic pressure, longer cardiopulmonary bypass time or received more grafts (table 1).
The incidence of perioperative infarction was 2. 1%, 3.7% and 6.3%, respectively, in the patients who received one, two and three or more grafts (p = 0.007).
The infarct rate was 0.0% in the patients with twovessel coronary disease who only received one graft, whereas it was 9.2% when three grafts were placed (table 2). The progressive increase in infarct rate with the number of grafts placed was significant (p 0.005) in patients with two-vessel coronary disease, but was not significant in the patients with three-vessel coronary disease.
In the 104 patients who had a balanced coronary circulation, the infarct rate was 9.6% vs 4.2% in the 1236 patients who had a dominant left or right coro-Minnesota code.44 45 Additions to the code included a 303 nary circulation (p = 0.01); the infarct was inferior in five patients, anterior in four patients and anteroinferior in one patient who had a balanced circulation. The infarct rate was not influenced by age, gender, peripheral vascular disease, chronic obstructive pulmonary disease, diabetes mellitus, hypertension, lipid abnormalities, congestive heart failure, surgical priority, cross-clamp time, number and location of diseased vessels, end-diastolic volume, end-systolic volume, ejection fraction, left ventricular contraction score or by the routine use of preoperative medications such as ,8-blockers, digitalis, antihypertensive or hypoglycemic drugs.
The stepwise discriminant analysis performned on 44 clinical, angiographic and surgical variables selected cardiopulmonary bypass time (F = 13.0), topical cardiac hypothermia (F = 10.4) and cardiomegaly (F-4.3) as the most important determinants of transmural perioperative infarction. When cardiopulmonary bypass time was not considered in the analysis, the number of grafts inserted (F = 8.9) and systemic hypothermia (F = 5.6) were the significant variables selected.
Effect of Perioperative Transmural Myocardial Infarction on Survival
The hospital mortality rate was greater among patients who sustained a perioperative infarction than among those who did not (9.7% [six of 62] vs 1.0% [13 of 1278], p <0.001).
The 3-year cumulative survival was 85% in patients who had new postoperative Q waves and 95% in those who did not (p < 0.001) ( fig. 1 ). When the same survival curves were analyzed for patients who survived to hospital discharge, the 3-year survival rate was similar for patients who did and did not have a perioperative infarct (94% and 96%, respectively; NS). The extent of new postoperative Q waves related to mortality. The 3-year survival rate was 90%, 93% and 61% in the 21, 28 and 13 patients who had new postoperative Q waves in anterior, inferior and combined locations (p = 0.03).
When the patients were stratified by preoperative clinical history of prior myocardial infarction, the 3year survival rate was worse when a perioperative infarction occurred in patients who had a history of myocardial infarction (78% vs 93%, p = 0.0007) ( fig. 2) . The difference was not significant in patients who had not had a history of myocardial infarction (3-year survival rate 91% vs 96%, p = 0.08).
When the patients were stratified by preoperative left ventricular wall motion score, the 3-year survival rate in patients who had a score < 10 was worse when a perioperative infarction had occurred (88% vs 97%, p = 0.001) ( fig. 3) . The difference was not significant in patients who had a score B>10 (3-year survival rate 81% vs 87%, NS), perhaps because only a small number of patients who had a perioperative infarction were followed for 3 years. The than death from all causes, the same significant trends were noted.
Effect of Perioperative Transmural
Myocardial Infarction on Morbidity
The average postoperative hospital stay in the patients who had a nonfatal transmural infarct was similar to that in patients who did not (14 ± 11 vs 12 -8, NS). Congestive heart failure during hospitalization after CABG was not more frequent in the patients who had new postoperative Q waves. The 3-year probability of'hospital readmission for chest pain, recurrent myocardial infarction or congestive heart failure was similar in both groups of patients. The percentage of patients free of readmission for chest pain, arrhythmia, myocardial infarction and congestive heart failure 3 years after CABG did not differ in the two groups. Discussion Perioperative transmural myocardial infarction is an important clinical consideration when evaluating CABG because of its possible effect on long-term survival. Modification of variables that determine perioperative infarction offers a potential method of decreasing its' incidence in'high-risk patient subgroups. In the present study, univariate analysis revealed a higher left ventricular end-diastolic pressure in patients who had a reported.4 The data from the above studies and others suggest that careful control of myocardial oxygen demand before bypass and prompt initiation of myocardial preservation techniques such as potassium cardioplegia at the time of bypass will reduce perioperative myocardial ischemia and necrosis.48 The relationship of significant preoperative and operative variables has not been explored extensively in previous studies evaluating perioperative infarction; this finding establishes the importance of using a stepwise discriminant analysis in separating the variables that are most predictive of interval infarction.
Contrary to the results of earlier studies,1lo 21.23 27 we did not find an increased incidence of perioperative infarction in patients who had left main coronary disease, three-vessel coronary disease or patients who had unstable angina before bypass surgery. The incidence of infarction in the more recent CASS study was less than 6% in each of the three clinical patient subgroups.
Effect of Perioperative Infarction on Survival
The appearance of new Q waves after CABG increased hospital mortality. The mortality rate of 9.7% after infarction is slightly less than the 12-20% mortality rate reported in other studies, 11 13, 21, 37, 39 but is significantly greater (p < 0.001) than the mortality rate of 1% in this study among patients who did not have ECG evidence of transmural infarction. The cumulative 3-year survival of patients who sustained a perioperative infarction was significantly worse than that among patients who did not when the observation peri- The appearance of new postoperative Q waves in patients who survived to hospital discharge was not associated with an increased rate of cardiac readmissions or a worse survival rate during the 3 years after CABG. These data contrast with natural history studies of nonsurgical acute myocardial infarction, in which the 3-year survival rate has been 60-75%.4 50In CASS, the 3-year survival rate among patients who had a perioperative transmural infarction was 85%, and 94% in those who survived to hospital discharge. Increased myocardial revascularization after CABG may explain the better survival among operated than among nonoperated patients after infarction. However, preselection of "better-risk" patients for CABG may also explain these differences.
The ECG by itself underestimates the true incidence of perioperative infarction. Bulkley and Hutchins5' studied 35 patients who died within 1 month after CABG and who had a postoperative ECG. Only three of the 13 patients (23%) with necrosis had new postoperative Q waves. The population in the CASS study was selected to determine the prognostic significance of new Q waves after CABG. Patients who died before a postoperative ECG was recorded were excluded from the survival analysis, for the aim of this study was to evaluate the clinical relevance of new postoperative ECG abnormalities. The appearance of new postoperative Q waves was associated with a worse prognosis in the immediate postoperative period, but did not adversely affect 3-year survival in patients who survived until hospital discharge. The preand postoperative ECGs from the CASS study are coded separately by trained research assistants using Minnesota code criteria and entered into the CASS data bank at the University of Washington in 308 CIRCULATION Q WAVES AFTER CABG/Chaitman et al.
Seattle.* Since the Minnesota code was developed to assess demographic data and not serial ECG changes, a computer algorithm was generated to compare the sequential ECGs and to determine the likelihood of an interim transmural infarction. The algorithm classifies sequential changes into five categones: Category A. The limb or chest leads show two or more new 0.03second Q waves or new Q waves of an additional category, code 1-1-1 to 1-1-7. Category B. New Q wave items, code 1-2-1 to 1-2-7. Category C. New Q wave items in the range of 1-2-8 to 1-3-6 and (1) new ST abnormalities, code 4-1 to 4-4, 9-2-1 and 9-2-2, or a lower value code (e.g., from 4-4 to 4-1); (2) new T-wave abnormalities, code 5-1 to 5-3, or a lower value code (e.g., from 5-3 to 5-2).
Category D. (1) New Q-wave items, code 1-2-8 to 1-3-6; (2) new Q-wave items in the 1-1-1 to 1-2-7 range of a lower value code; (3) new ST-T or T-wave items, code 4-1 to 4-4, 5-1 to 5-3 or 9-2-1 to 9-2-2.
Category E. None of the above. If a category A, B or C event was flagged by the algorithm, the preand postoperative ECGs for that patient were overread by a panel offour cardiologists. Category D and E events were not selected for overreading. In a review where the pre-and postoperative ECGs of 87 patients who had a category D or E event were randomly mixed with patients who had ECG categories A-C, none of the D or E category ECGs were classified as a definite or probable infarction by the panel.
The ECG sets selected for overreading were coded into one of four likelihood categories for interim infarction by the four cardiologists, who were blinded to the clinical history and the other cardiologists' interpretations. When interobserver variability occurred between the highest or lowest two infarct categories, the ECG sets were adjudicated by the panel at a simultaneous joint reading where a consensus was obtained.
The four categories of ECG changes coded by the panel were based on Minnesota code criteria45 and were classified as indicating either a definite, probable, possible or no infarction. In this study, the patients who developed the highest two categories of "definite" or "probable" infarction (e.g., criteria 1-1-1 to 1-2-7) were considered to have had a perioperative myocardial infarction. The patients who had the lowest Minnesota code criteria for interval infarction (i.e., "possible" category) were grouped with the patients who did not have new postoperative Q waves because the 3-year survival rates of the two groups were virtually identical. Appendix 2
